A novel dimeric melampolide was isolated from the leaf rinse extract of Smallanthus sonchifolius (Poepp. & Endl.) H. Robinson (Asteraceae), an Andean medicinal plant popularly known as yacón. Dimeric sesquiterpene lactones are rare in Asteraceae, especially melampolides. In addition, eight known melampolides and a new ester derivative were also isolated. All compounds were detected in glandular trichomes collected from the leaves and were analysed by HPLC. The anti-inflammatory properties of uvedalin, a known melampolide isolated in this study, were assessed in vitro by analyzing its effect on the DNA binding of the transcription factor NF-κB. These results were compared to those previously reported for the closely related melampolide enhydrin. Our data demonstrated that NF-κB DNA binding was inhibited in leukaemia and macrophage cells at an uvedalin concentration of 2.5 and 5 μM, respectively.
NF-κB and prevent its DNA binding, probably by selective alkylation of a cysteine sulfhydryl group in its p65 subunit [13, 14] . The transcription factor NF-κB serves as a central regulator of the human immune and inflammatory response by regulating the transcription of pro-and inflammatory mediators such as cytokines, nitric oxide synthase, cyclooxygenase-II, immunoreceptors, haematopoietic growth factors and cell adhesion molecules [12] .
In this work, ten melampolides were isolated from the leaves of a Brazilian population of yacón ( Figure 1 ). Four of them, the STLs enhydrin (1), uvedalin (3), polymatin B (4) and sonchifolin (6) , have been previously isolated from a 70% methanol extract of leaves of yacón and showed antifungal activity [6] . The melampolides fluctuanin (2), 5 [10] , 7 [7] and 8 [11] have been previously reported in other species of Asteraceae. Along with these eight known STLs, we isolated two novel melampolides (i.e., 9 and 10); interestingly, melampolide 10 was found to exist as a dimer, which comprises a rare class of Asteraceae STLs.
The STL uvedalin (3) was investigated and found to inhibit NF-κB. This result was compared with that obtained with enhydrin (1) [14] in order to find out how the presence of a double bond or an epoxy group between C-4 and C-5 can exert an influence on this inhibitory activity.
The leaf rinse extract of S. sonchifolius was examined by HPLC-UV-Vis-DAD analysis. Combined chromatographic techniques as well as preparative HPLC separation resulted in the isolation of ten STLs of the melampolide type ( Figure 1 ). The identification of the known STLs (1 − 8) was made by comparison of their spectroscopic data with those from the literature [6, 7, 10, 11] , while 9 and 10 were elucidated through NMR and MS data.
The STL 9, a new acid melampolide, is a C-14 acid derivative of 8, which has an aldehyde group at this position. Its structure was elucidated through 13 Based on this information, the structure of 9 is confirmed. It is the first time that this type of melampolide with an acid group at C-10 is isolated.
The STL 10 is a dimer of melampolides. The structure was elucidated through the analysis of 1 H, 13 C NMR and MS spectral data ( Table 2 ). The connectivity among the 1 H and 13 C atoms was determined by gHSQCR and other correlations were confirmed by 1 (Table 2) , were quite similar to those for compounds 1, 2, 4 and 8, thus helping us in the assignment of the remaining signals for 10, which in turn could be proposed as a dimer of melampolides.
The multiplet at δ 2.42 coupled to one of the H-13a/H-13b was assigned to H-7 (ring A), which is coupled with H-6 and H-5 (δ 5.05, 2H), as shown by the 1 H-1 H gCOSY data. The signal of H-5 is correlated with the 13 C signal at δ 17.0 (C-15), as confirmed by the gHSQCR spectrum ( Figure 3a ), and the signal of H-15 (δ 1.89) correlates with the methylene signal at δ 36.9 (C-3). The couplings between H-2a/b and H-3a/b can be observed moiety (Figure 3e ) was proposed as follows. The gHMBCR spectrum shows that the signal of the carbonyl at C-14 (ring A) is correlated with a quadruplet at δ 5.17 (q, J = 6.4 Hz) integrated to 1H and assigned to H-3''''. This hydrogen, which is the neighbour of a correlated methyl group (δ 13.9, C-4''''), is also correlated with another methyl group at δ 22.5 (C-5''''). The neighbourhood of C-4'''' with C-3'''' is confirmed by the coupling constant of 6.4 Hz between H-4'''' (3H, d, δ 1.25) and H-3'''' (q, δ 5.17). The 13 C signal of C-4'''' is correlated with an oxygen-bearing quaternary carbon atom at δ 75.7. The signal of C-5'''' (δ 22.5) is correlated to a carbonyl carbon of an ester at δ 174.2, which in turn is correlated with the already assigned H-8 from ring B at δ 6.56 (dd, J = 8.5, 1.2 Hz) ( Figure 3e ). It should be pointed out that the type of connection of the two melampolide moieties, as occurs in 10, is quite unusual, since the linkage is through an intermediate chain from C-8 (ring B) to C-14 (ring A). Normally, the sesquiterpene lactone dimers in Asteraceae are connected through their lactone rings, especially at C-13, rather than an esterification as occurs in 10.
Although the partial structure from C-1'''' to C-5'''' is already known in similar esters [15] , so far, it is novel between two sesquiterpene lactone moieties.
S. sonchifolius biosynthesizes STLs of the melampolide subgroup, which is typical for this genus, but it is the first time that a dimer is isolated from the genus Smallanthus. Dimers in general are quite rare in the tribe Heliantheae and so far were not observed in the subtribe Melampodiinae. The only occurrence in Heliantheae is a dimer of a guaianolide with a eudesmanolide, which was previously reported in the genus Rudbeckia, subtribe Rudbeckiinae [16] . Among the more than 4,000 sesquiterpene lactones already known in Asteraceae, around 30-40 dimeric sesquiterpene lactones were already isolated. From these, at least half of them are of the guaianolide type [17] [18] [19] [20] [21] [22] [23] [24] [25] . Dimeric eremophilanolide [24, 25] , xanthanolide [26] , eudesmanolide [27] and germacrolide [28] derivatives have been described; however, only two dimeric melampolides have been isolated (i.e., one from Artemisia barrelieri [29] and other from Gonospermum elagens [30] ), both from the tribe Anthemideae, in which most of the dimers are found. We report here a third dimeric melampolide in Asteraceae, the first one in the tribe Heliantheae.
STLs possess a wide range of biological activities [31] , among which the anti-inflammatory activity has been intensively studied [32] . It was shown that STLs mainly exert this effect by inhibiting the transcription factor NF-κB [13, 14] . In order to investigate whether the melampolide uvedalin (3) also interferes with this molecular target, Jurkat T and Raw 264.7 cells were incubated with increasing concentrations of the STL for one hour and subsequently stimulated for one hour with TNF-α (for Jurkat T cells) and with LPS (for Raw 264.7 cells). Total protein extracts were prepared and analysed for NF-κB DNA binding activity by electrophoretic mobility shift assay (EMSA) (Figure 4) . Stimulation with TNF-α or LPS induced one novel DNA binding activity in cells (Figure 4, lanes 2 ). Uvedalin (3) completely inhibited NF-κB DNA binding at concentrations of 2.5 and 5.0 μM in Jurkat T and Raw 264.7 cells, respectively, without any observable cytotoxic effects. The STL 1, which has an epoxy group between C-4/C-5, has been previously tested by our research group and shown to completely inhibit NF-κB DNA binding in Jurkat T cells at 10 µM [14] . Thus, the STL 3, which contains a double bond between C-4/C-5, is more active than 1. Another melampolide isolated from Milleria quinqueflora [33] , which like compound 1 also has one epoxy group between the C-4/C-5 and an α,β-unsaturated side chain ester at C-8, needed 10 µM for the complete inhibition of NF-κB DNA binding [14] . Consequently, it appears that the presence of an epoxy group between C-4/C-5 in melampolides hinders the ability of these compounds to inhibit NF-κB DNA binding. The other melampolides from this plant were not investigated either because of the low amount available or because their structures are very similar, i.e., they show differences only in their side chain esters.
In conclusion, we have shown that the melampolides 1 and 3 inhibit the transcription factor NF-κB at micromolar concentrations. Thus, it is highly likely that medicinal preparations of S. sonchifolius may also exhibit anti-inflammatory activities in vivo. This assumption remains to be proven in further studies.
Experimental
Phytochemical procedures: IR spectra were recorded in CHCl 3 in a Nicolet Protégé 460 and Perkin Elmer 1600. 1 
Extraction and isolation:
Two hundred forty-eight g of dried leaves were rinsed with CH 2 Cl 2 for 20 seconds at room temperature. The solvent was evaporated under reduced pressure resulting in 2.6 g of crude extract, which was dissolved in MeOH. After wax precipitation by addition of MeOH/H 2 O 7:3 (v/v) and solvent evaporation, 2.2 g of a clean extract were obtained. The extract was dissolved in MeOH and stored at 0°C for four days, after which time 100 mg of a white solid corresponding to enhydrin (1) precipitated. The clean extract was fractioned by vacuum liquid chromatography over silica gel 60 H (Merck) using n-hexane and increasing amounts of EtOAc as eluents and 10 fractions were obtained. The fractions were submitted to IR analysis. Fraction 6 was chromatographed by flash chromatography [34] (glass column, silica gel, hexane/EtOAc/CHCl 3 5:2:3, HAc 2%) and further analysed by TLC, leading to the isolation of additional amount of 1 (200 mg). Fraction 8 was chromatographed by medium pressure liquid chromatography (column LiChroprep RP8 Merck, MeOH/H 2 O 1:1 to MeOH 100%, 1.6 mL/min) to give compound 10 (10 mg). The remaining fractions were purified by HPLC (column C18, MeOH/H 2 0 55:45, 1 mL/min) to afford the compounds 2 (3 mg), 3 (325 mg), 4 (3 mg), 5 (2.5 mg), 6 (62 mg), 7 (2.5 mg), 8 (4 mg) and 9 (145 mg).
(1Z,4E)-8β-Angeloyloxy-germacra-1(10),4,11(13)trien-6α,12-olide-14-oic acid (9) White solid. UV-DAD λ max: : 210 nm. 1 H NMR: Table 1 1(10),4,11(13)-trien-6α,12-olide) ]-9α-acetoyloxygermacra-1(10),11(13)-dien-6α,12-olide-14-oate (10) White solid. 1 H NMR: Cell culture: Jurkat T cells were maintained in RPMI 1640 medium and Raw 264.7 cells in DMEM medium. The mediums were supplemented with 10 % fetal calf serum and 100 IU/mL penicillin and 100 µg/mL streptomycin (all Gibco-BRL).
Methyl (1Z)-4α,5β-epoxy-8β-[(1Z,4E)-(2S,3R)-2hydroxy-3-oxy-(8β-angeloyloxy-germacra-

Electrophoretic mobility shift assay (EMSA):
Jurkat T cells or Raw 264.7 cells were incubated with increasing concentrations of uvedalin (3) for one hour and subsequently stimulated for one hour with 200 U/mL of TNF-α (Jurkat T cells) or with 1 µg/mL of LPS (Raw 264.7 cells). Additionally, the respective cells were only stimulated with TNF-α or LPS. Total cell extracts from Jurkat T cells or Raw 264.7 cells were prepared using a high-salt detergent buffer (Totex: 20 mM Hepes, pH 7.9, 350 mM NaCl, 20% (v/v) glycerol, 1% (w/v) Nonidet P-40, 1 mM MgCl 2 , 0.5 mM EDTA, 0.1 mM ethylene glycol-bis-(βaminoethyl ether) N,N,N',N' tetraacetic acid, 0.5 mM DTT, 0.1% phenylmethylsulfonyl fluoride, 1% aprotinin). Cells were harvested by centrifugation or scraped off, washed once in ice-cold phosphate buffered saline (Sigma), and resuspended in 4 cell volumes of Totex buffer. The cell lysate was incubated on ice for 30 min and then centrifuged for 5 min at 13,000 rpm at 4°C. The protein content of the supernatant was determined and equal amounts of protein (10-20 μg) added to a reaction mixture containing 20 μg of bovine serum albumin (Sigma), 2 μg of poly(dI-dC) (Roche Molecular Biochemicals), 2 μL of buffer D+ (20mM Hepes, pH 7.9, 20% glycerol, 100 mM KCl, 0.5 mM EDTA, 0.25% Nonidet P-40, 2 mM DTT, 0.1% phenylmethylsulfonyl fluoride), 4 μL of Buffer F (20% Ficoll 400, 100 mM Hepes, 300 mM KCl, 10 mM DTT, 0.1% phenylmethylsulfonyl fluoride), and 100,000 cpm (Cerenkov) of a [ 33 P]-labeled oligonucleotide, made up to a final volume of 20 μL with distilled water. Samples were incubated at room temperature for 25 min. NF-κB oligonucleotide (Promega) was labeled using [γ-33 P] dATP (3000 Ci/mmol; Amersham) and a T4 polynucleotide kinase (New England Biolabs).
